Abstract-Green home renovation is a socio-technical process involving homeowners and professionals. Homeowners undertaking a green renovation encounter unfamiliar terms and must navigate potentially conflicting information from different sources. These challenges prevent some homeowners from being fully engaged in the renovation process, which can lead to less than optimal homeowner satisfaction and failure to use green features to their greatest extent. This paper details the information requirements of homeowners, drawing on seven interviews that were conducted with those who have done a green home renovation. We put forward suggestions that can be used to improve the green home design process, contributing to higher uptake, more satisfied homeowners, and more environmentally friendly use of renovated homes. We also conclude that there is a need for homeowners to be contributors to the knowledge base surrounding green renovations. Finally, we propose a model for an ICT platform to satisfy the needs identified in our research.
I. INTRODUCTION
The UN Environmental Program estimates that buildings contribute roughly one third of all global greenhouse gas emissions, primarily through the consumption of energy during their operational lifetimes [1] . As the lifetime of existing building stock extends for decades to centuries, reducing the energy consumption of existing buildings is a vital strategy for tackling climate change.
In the ICT sector, a common response to this challenge is to develop technologies for the 'smart' home, using the potential of home automation and network-enabled devices to optimize energy consumption. In government policy analysis, the focus tends to be on finding the appropriate financial incentives to persuade homeowners to improve insulation, switch to high efficiency heating and lighting systems, and install micro-scale renewable energy generation, such as solar panels.
But few people ask what homeowners themselves need. Currently, very few homeowners engage in renovation aimed at making their homes greener, or even include environmental considerations when undertaking renovations for other reasons. We argue that engaged homeowners are an essential element in encouraging broader uptake of green renovations, and that techniques adapted from requirements engineering and participatory design, harnessed in an ICT platform, offer a significant potential to achieve this engagement [2] .
This paper reports the results of an initial study of the motivations of and barriers faced by homeowners who choose to undertake green renovation, which is a renovation process aimed at transforming the home into a building that is environmentally sustainable throughout its remaining lifecycle. Green building generally requires considering energy efficiency, water conservation, waste and pollution reduction, and responsible materials [3] . Our research questions are focused on eliciting homeowners' requirements for green home renovation, especially their information needs: 1) What motivates homeowners to choose green home renovation projects?
2) What criteria do homeowners use in their decisionmaking, both in the choice of which professionals to work with and in the design choices they make for their homes?
3) What information do homeowners currently use during the planning and implementation of green home renovations, and where do they get it from? 4) What information needs are currently unmet? We conducted seven semi-structured interviews with homeowners who have completed a green renovation. We wanted to know if homeowners were getting the information they need to do a renovation that fits with their values. We discovered that as important as it is for homeowners to have meaningful access to the right information, it is also important for them to be generating knowledge, contributing to the knowledge base surrounding green renovations. Based on our findings, we propose a model for an ICT platform that can help engage homeowners by giving them greater access to reliable information and providing a means for them to contribute to the knowledge base.
II. RELATED WORK
In his paper, Jakob [4] explains the importance of understanding the legal and economic drivers promoting or preventing green renovations. Governments that understand these drivers can design policies that will encourage sustainable renovations. Jakob's analysis revealed that high upfront costs are a barrier to green renovations. Maller, Horne, and Dalton [5] also discuss how financial incentives encourage individuals to make sustainable renovation choices. Connolly and Prothero [6] discuss how an individual's sense of personal responsibility for environmental problems contributes to feelings of empowerment, leading to the desire to undergo a green renovation. However, individuals can be uncertain about specific renovation choices, particularly if they are unfamiliar with the technical aspects involved in home renovations.
Berry [7] makes a connection between building design and requirements engineering, and describes the similarities between house and software requirements engineering, including "the importance of the client understanding the plans/ specifications in validating that the plans/specifications capture his/her intent", and "the usefulness of a model/prototype in the client's understanding of the plans/specification."
Homeowner engagement in the green renovation process is important. Weeks et al. [8] describe 8 stages of increasing homeowner engagement, and present a set of ICT tools to help move them through the stages. Their subsequent paper [9] focuses on specific measures to move homeowners from the stage of evaluating expert advice to making home improvements. Massung et al. [10] reach similar conclusions to Weeks et al. on the obstacles that prospective green renovators need to overcome, and present a smartphone application focused on open-home events to mitigate some of these barriers.
Carroll and Rosson [11] identify two propositions involved in participatory design. The first, a moral proposition, states that "users have a right to be directly included in the process of design." The second, pragmatic, proposition states that "directly including the users' input will increase the chances of a successful design outcome." These design ideas are radical in that they "challenge commonly-held beliefs about the role of a designer as a professional" [12] , especially in an industry like building design that has well-defined and rigid roles for professionals.
The green renovation design process would benefit from these "radical" participatory design ideas. Presenting information to homeowners in a manner calculated to engage them in the design process will improve enthusiasm for and uptake of green buildings. By learning how to effectively engage homeowners in the process, we can increase the environmental benefit of green renovations, the satisfaction of homeowners, and enthusiasm for future green building projects.
III. METHODOLOGY
To understand the information needs of homeowners, we focused on those who have recently completed green renovations. The lead author reached out to a green renovation company in Toronto, Canada, to provide access to recent customers. Seven interviews were conducted with a total of ten people. Six of these interviews were with former clients of this green renovation company, and one interview was with someone who had done their own renovation.
Participants were asked questions about their home and the renovation process. An interview guide with a series of questions was used to start a conversation, but the interview itself was open-ended. Questions asked covered reasons for choosing the renovation company, how important sustainability is to them, information sources available before and during the renovation, how much feedback they were invited to give, the perceived "green-ness" of each renovation decision, and return on investment. The interviews were recorded and transcribed for analysis. Interviewees checked the transcripts for accuracy.
Interview transcripts were coded via an open iterative coding strategy inspired by grounded theory techniques. As the codes emerged we looked for common patterns and themes. The concepts presented in this paper emerged from the data; they were not pre-supposed by the authors.
IV. SUSTAINABILITY
Homeowners can have a diversity of priorities or values when planning sustainable renovations, and understanding these will clarify homeowners' information needs. This section will detail the values interviewed homeowners identified as important.
All interviewees stated that sustainability was important to them, and that they wanted to work with professionals who felt strongly about completing a renovation sustainably:
The vision of the business attracts customers, and [professional] For all interviewees, sustainability included energy efficiency. For certain homeowners it also included waste diversion, sourcing local materials, and use of non-toxic materials.
1) Waste Diversion
All interviewees mentioned their appreciation of their renovation company's policy on waste diversion and reusing materials. One homeowner noted that a previous contractor she had worked with insisted they demolish the house to build a bigger house in its place, as it would be cheaper than renovating: Many homeowners appreciated that their renovation company deliberately sifted through the rubble created by the renovation to reuse as much as possible (by selling copper pipes, using scrap pieces of wood for framing, donating old fixtures, etc.). One homeowner even made his flooring choice based on a company's reuse policy:
…I picked a company...who makes a cork floor, because they have a program saying whenever you're done, just let us know and we'll unclick your floor and we'll give it to habitat for humanity. So that's great, this gets another life. (Interview 2)
A few interviewees lamented the increasing trend towards a "throwaway society", explaining that for them, sustainability involves investing in quality materials, and not throwing away items that are still functional.
2) Sourcing Local Materials
Interviewees wanted to use local materials, to contribute to their local economy and reduce the carbon footprint associated with transporting materials over long distances. 
3) Healthy Materials
Every interviewee mentioned using healthy or non-toxic materials in the building. For many interviewees, this practice was an integral part of sustainable building. One interviewee was adamant about not bringing "nasty chemicals" into her home. A number of interviewees had a specific preference for using sealants, glues, and paints that are not off-gassing. Healthy materials were also linked in at least one homeowner's mind with return on investment: she believed that the health features in her home could be attractive to potential buyers.
I think the health features we have in this home will make it a big selling point. I think those are easy to sell...Our home has no allergens, no toxic chemicals; we've never used a toxic chemical to clean...This is a very healthy home, and I think that's easy to project to a buyer… (Interview 5) V. DESIRED OUTCOMES
This section will detail the desired renovation outcomes as stated by interviewees. In general, homeowners were interested in comfort, affordability, and return on investment.
A. Comfort
Improved home comfort and aesthetics is one of the main desired outcomes in a renovation, and factors into homeowners' decisions. Every interviewee identified comfort as important to them, many noting that their home was more comfortable after renovating. One couple noted that their home before the renovation had very little insulation, and after insulating:
…it ' For some, comfort was a factor when deciding on materials. Some interviewees decided on cork floors over other options based on comfort.
B. Affordability
Home renovations can be expensive, and finding affordable options is important to many homeowners. Every interviewee mentioned affordability as a factor in their decision-making process. Interviewees believed that the general public has the impression that green homes are necessarily more expensive. While this impression was not shared the interviewed homeowners, many of them forewent certain green features that they wanted to incorporate into their ideal home, because they did not fit the budget. Examples include alternative forms of insulation, such as straw-bale construction or denim, and environmentally friendly energy/heat sources, such as solar panels or geothermal.
Many interviewees mentioned that they used professionals' guidance to help them save money. Professionals can present options to homeowners, describe advantages and disadvantages, and estimate costs. One couple described their appreciation for this professional guidance. They had access to tiles at-cost, and wanted to use them for their kitchen floor. However, their renovation company convinced them to go with cork floor, because although the material cost would be higher, the labour-intensive process for installing tile would result in a much higher overall cost. In some cases where the homeowners had done their own research and found a material, their contractor was able to provide an alternative that fit their needs better and was more affordable; this required the contractor to be aware of the homeowners' goals and requirements.
A few of the interviewees took advantage of the ecoEnergy program, a (now discontinued) government program providing grants to retrofit homes to be more energy-efficient. For some homeowners, the fact that they would be getting some money back from the government helped justify the cost of renovation activities. However, as one interviewee noted, it is not just the dollar value of the rebate that makes a difference: 
C. Return on Investment
Return on investment (ROI) was not something that renovation companies discussed with the interviewees. The main predictor of how important ROI was to a homeowner was the length of time they believed they would stay in the house. For those who saw themselves staying in the home for the rest of their lives, ROI at time of sale was a non-factor: Aside from looking to a future sale of the home, some homeowners were concerned about the ongoing usage cost of green features, and how long it might take them to get an ROI on the given feature: Another homeowner expected that, in her real estate market, the value of her house would increase regardless of renovation activities, making ROI considerations less important.
Thus, while comfort and affordability were key concerns for all homeowners, ROI's relevance to decision making varied depending on both the homeowners' planned residence and beliefs about market trends and the inherent value-increase in a renovated home. *** Comfort, affordability, and ROI were considered separately at certain points of the interviews, but it became apparent that these factors are also tightly linked for homeowners, whose decision-making process involves trade-offs between the three. For one interviewee, comfort was as or more important than ROI:
. 
D. Environmental Role Models
Some interviewees attached importance to serving as a role model to friends, family, and neighbours.
I realized that I needed to start with myself -I couldn't step up on a soapbox and say everyone needs to be doing something about it when I wasn't. So I started this blog and I didn't want it to be accusatory or anything like that -I wanted it to be attractive. So it is very light-hearted and hopefully I inspire my friends and my family and anybody else who is reading my blog to take action as well. (Interview 1)
For interviewees who saw themselves as role models (and who would be classified as "validators" on the scale presented by Weeks et al. [8] ), this self-perception was an integral part of their broader commitment to environmental responsibility; they felt it important that their home not only serve them, but also demonstrate to others that going green need not be expensive or unrealistic. Many interviewees framed their own green renovation project in the context of changes that need to occur in society.
With climate change, I believe people have to do what they can to reduce the greenhouse gas impact…if you can afford to do it and reduce greenhouse gas impact, that would be the first choice. You can't let your finances outrun your ideals, but the finances you do spend should be spent in a way that improves the planet, if it also meets your aesthetic objectives. (Interview 4) VI. INFORMATION SOURCES
We now turn to the sources of information currently available to homeowners, how homeowners felt about these sources, and what could be improved in presenting information to homeowners.
Homeowners are generally not trained in building science, construction methods, energy analysis, etc. How information is presented to these homeowners will determine how comfortable they are in getting involved in the renovation process.
Currently the information available to homeowners is derived from many sources, and is not always accessible. Some interviewees expressed frustration with the complexity of the information:
So overall I'm happy about what we were able to achieve, but sometimes you think you need an engineering degree if you really want to read and understand the information. (Interview 7)
One interviewee found it difficult to compare items he had researched:
I'd say the hardest stuff was finding comparative information, because the problem with a lot of the products is they aren't apples to apples. (Interview 2)
Another interviewee felt that there was not enough reliable information from authoritative sources:
It's like all information -there's too much of it, and there's not enough clarity on how to know if something is written by professionals or by hysterical people. (Interview 5)
Most respondents noted that through the renovation process, they had become significantly more knowledgeable about renovations, materials, and building science. Many spent several hours doing their own research, developing expertise in certain areas. One interviewee even made a career out of healthy sealants after her own renovation, because she had gained so much expertise.
...it became necessary for me to sign up for things like the professional subscriptions...because there's a lot of hysteria and bullshit out there, but I was able to sift through it. It took me so long that I actually made a career of it. That's how much effort it was. I got myself certified as a sustainable building advisor because there is a lot of information out there, and a lot of it is questionable…And so much conflicting advice… [I]t takes time and experience to put it all together and realize how all the different pieces interact with one another, and how that can make a really big difference. And there's very little out there that actually does that. (Interview 5)

A. Professionals
Professionals have expertise and can provide guidance to homeowners on home design, materials, and cost saving. If homeowners and professionals have a good working relationship, there is mutual trust and effective communication. This section will focus on professionals as an information source, and how the advice provided could be improved.
1) Guidance
Professionals can give guidance on materials choice, cost saving, how to analyze how "green" a product really is, and how the house works as a system. a) Affordability Professionals can advise homeowners on how to save money. Homeowners rely on professionals to have a broad b) Greenwashing "Greenwashing" is a term used in sustainability discourse to describe a product or practice that is marketed as environmentally friendly, but whose positive environmental effects are, at best, negligible [13] . Homeowners are frequent targets of such marketing campaigns; without expertise they can have difficulty determining just how "green" a product is. A knowledgeable professional can help guide homeowners to truly green choices. 
…there's a lot of other things out there. And some of them you don't even know if it's greenwash. That's another reason we hired [professional], I'll ask "Is this just greenwash, or does this really mean anything?" (Interview 7)
c) House as a System Most professionals understand that the house is a system, consisting of complex interactions of different components. It can be difficult to predict how a change in one part of the system can affect the house as a whole. For some homeowners this can be daunting:
Some of the passive heating and cooling stuff, we couldn't get our heads around how it was all going to work together as a system. (Interview 3)
Many homeowners gained this understanding through the renovation process: This homeowner found herself getting bogged down in the huge amount of information available on small components of the system, when it would have been more helpful for her to learn how the house works as a system. Professionals can help provide homeowners with a holistic view of their home, and make recommendations that look at the big picture.
2) Communication
Good communication between homeowners and professionals is one of the most important factors in determining the success of a renovation.
[ 
3) Trust
Homeowners' trust of professionals is based on a few factors. Most interviewees said they felt comfortable with the professionals they worked with because of their knowledge base, treatment of employees, and billing method. A few homeowners used manufacturers' websites to get product information, but it was not clear how reliable the information was, as there is no third-party verification.
One interviewee noted that it was difficult to find sustainable products, and suggested that a database of green products or services would be very helpful for people looking to do green renovations.
VII. DISCUSSION
As pointed out by Weeks et al. [8] , in order to fully engage homeowners in the design process, we need to think about their information requirements. This section will explain how those requirements can be met, and the specific role ICT can play in meeting them more efficiently and effectively.
The interviews demonstrated that unbiased, reliable information, including from people who have already gone through green renovations, needs to be made accessible for homeowners without any experience in building science. Homeowners should also have access to knowledgeable professionals who share their sustainability values. These conclusions about homeowners' information requirements were not unexpected. What was noteworthy was the need for homeowners to contribute to knowledge as well.
Sustainability-minded homeowners want to feel that they are having a positive impact as environmental role models for friends, family and neighbours; but they can also feel they have an impact by contributing to a knowledge base. Several homeowners who responded to the call for participants for this study expressed that they were eager to share their experiences in hopes that they could contribute to green research. Some of them also write blogs about their renovation experiences. These homeowners would be classified as "validators" on Weeks et al.'s [8] scale of engagement, those who have completed a green building project and "must be given a platform to display their accomplishments to other householders." At least one homeowner, who became an expert on healthy sealants (Interview 5), would be classified as a "master" on this scale.
Many interviewees saw themselves as part of the renovation team, communicating with professionals and doing research on materials and products. In a few cases where homeowners chose to work with a material that the renovation company had not used before, they felt they contributed to the renovation company's knowledge base.
There is room in this relationship for continuous and mutual learning. Homeowners learn about green renovation from professionals, and professionals learn from their experiences working on different homes. By the same logic that informs information exchange during the renovation process, if homeowners and professionals keep in touch after the renovation, homeowners can continue to inform professionals about the use and performance of green features in their home, further contributing to expanding the knowledge base around green renovations. Engaging homeowners in the design process not only benefits their project, but future projects as well, either through the homeowner sharing their experiences with others, or through the renovation company learning and adapting. The company can play a role in plugging homeowners into a community in which they can contribute as validators.
ICT has the potential to make a great impact on green renovation by contributing to the development of an informationsharing community. One model that could meet most of the information needs that emerged in this study -both homeowners' need to receive information before and during their own project, and their need to share information as validators and masters -would be an application or website specifically for green renovations, on which homeowners and professionals can contribute, pooling their experience with materials, processes, systems, etc. The idea of using an app to contribute to retrofitting has been advanced by Massung et al. [10] in the context of open home events; this could be an important part of the proposed platform, which would also help capture and share the information described above. While a detailed elaboration of such a platform is beyond the scope of this paper, a few specific contributions to homeowner values and information requirements can be pinpointed: ask the professional, what factors need to be taken into consideration, and what alternative ways of dealing with a particular issue have been used by other homeowners. 5. As more contractors, including those not currently green-focused, come to see this platform as a useful way to reach potential clients, they will through using it be exposed to a greater body of knowledge about green building, helping steer more construction companies in this direction.
VIII. CONCLUSION
When homeowners are engaged in the green renovation process, the results are beneficial to the homeowners, the professionals they work with, and other homeowners contemplating a future green renovation. Homeowner engagement depends on having access to reliable information presented in a way that allows them to complete a renovation that aligns with their sustainability values. They need to work with professionals who share their values, and they need to feel as if they are also contributing to a knowledge base that will help others. An ICT platform along the lines discussed in this paper may be a valuable contribution to the green building movement.
